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Low-energy ‘lHo* scattering from denterium adsorbed on stepped Pd(331)

W. P bllis! ana R. Bastasz?

1] Las Alamos National Laboratory, CST-1, MS J585, Los Alamaox, NM 87535, USA, and
2] Sandia Nutivnal Luboratories, Org 8716. Livermore, CA Y4551, USA

We have taken angle resoived data for the scauening of low-caorgy (< ! keV) YHe™ from
dewsentuum admarhed on 1 ttepped Pt 33 1) marface  The ingpect goometry was “up the staircase.” that
15, ths “He ' beam was perpendicalar to and directly mosdont oato the washadowed <U1 1> 1'd ledpo
Moms. A slrong quan-elasilc ~caticring ugnal of 41le™ from D (4110*/M) was ohserved &t a
forward acaticring angie of 0 = 25° and an tac1dence anpio of & = 76° frnm the (331) anrmal. The
results agree with shadow come calcubstion of m attenng firs from Pd kedge atoms followed by 2

nccomd ovent. 41lo ! /D. The rosulant adsarpuon geamotry thows U 1a rewde in tha Juast threetola
jedpe mic vn the surface directly shove the bulk {cc ociat.eaml voud. 1hese resulis are conalatest

wath tho provxous Stie™ scaltoning study of tha gamictnicatly relasod (1 1UY LXadS) system

Angle resolved scattenng of low-cnergy lons providos a iensitive methad to datict,
wlenlify, ad kaate adatoms on sudfaces of mngle crystals. By uning forwand scattered *He® wan
in 8 previous study.! we located deuterium in the valicy channcls of Pd( | 10y on quasi threctont o
o “longlnidge™ sites in agreenent with LERD gudicss and theoretical prerdi tions 39 The present
study extends the substrate syem to u structuratly related but more complex I'de.3 1) rermace led,e
(TL) suilace. Tlae obgeive of this sMudy was (o locale deutenum abaptnon stes on the 1.
Pdcial) durtace by ‘lle*/Duads) low-cnergy lon scattonng (1.1:IS1.

I he classical expression fur a projectile seuttered elasucally i ¢.. translatuonal encrfy and
Mo NiuiN ¢ woiserved) i a inaty collison willi w Inilally sstisnany arpget cun e aled as 18

SueaUs (]l 4 AV il - Ay, th

Wikt (s Ui ldenatany scotteimy anple, A s i targel Lo propes Gle awees 1ate, and voas Hw
relative velowity of the seattercd purticle dettied ao v = (2L whiete LYLL, 15 Uw 1at0 ot final wo
hubial iandational cncipy of e s allcnsd i Toe A e 1 e s a masinuon ot sigle o
sealteringg 8UIman) - sl A Twor s aticted v vebimaties are deggves frewn g (1) ot e Opaaan
for A < 1, which oo coniscyuenicd of [wa oo iiled ol -hitass soatonmng angles (I « oflisiuicwith
Mighidy diflerent bopact paraticiens) oappng onli e saow 08 Twa eeaks ae abiaiesd, e p

foon A Nad O amd U preseit sty Tor Ne* scaltenng trom C ampuity ob pold,” amt toe Kt
o Cu 7 Fau e soatlering by 1, A - O3 amd Q0man) - UF



lFull expenmental details are given in Ret 1. Brefly, anglo-reaolven] seatiering dala were
tuken using a gas-discharge ion source and u differcntially pumped high vacuum scattering
chamber equippod with a S-cn-dum hemispherical electmstatie energy analyzer  The incident
beum produced muss filiered, veutrul free 1 keV 4fle* with AE (FWIHM) < 3 eV. The snalyzer
angle was posltioned 10 £1°; the channe) moltiplicr Jetector wai operated in the pube counting
mode. The palladium singlo crystal was oricnicd by x rays. cleanud by repeated 10n bombardment
wnd anncaked in vacuum at 1000K! to remwove surface impurities. LEED ncasutements coulimed
that an ordered (331) surface resulted from this procedure. The D(g) gas-daser was posutioned 2
< fron the aample.

Figure 1 shows the scatiening geonetty. An ordeisd fee(331) suflace consists of 1epeuting
terraces 1n a terrace ledpe (TL) array with the (33 1) surface at 22,07 trom the (11 1) atamuc terraces.
The inchlent *Het bean and detector bath are in U { 110) plane of Incldeice which i
perponidicutar to tho (11 1) terraces, the (331) ang the ledges. The beam is porpendicular w the
clo~¢ packed row of 1'd lodge atoms at an anglo @ froni the (3J1) surface nomial. We reter to s
cuwifiguration o going “up e stuircuss.” The iocident beain iy paralie] to the (111 termaces w o =
QU 227 « 68, At a - 767 where our most slgnificant data were taken, tho incldent wits are aclually
8" below the (11 ) tenacex wnd impnge upon the I'd Jedg * aoms. The optimum laboratory
scattering ungle, U af Eq (1), was nonunally U = 25Y, whuth yrelded well resolved, atrong
seatwerug signaly.

Awomie peameu y i illusurated in dic hard sphere photoyyruph of Fig. 2. dnthe tinnan 2)
seguicnoce of (1HD) vicinad surfines, it = 3 Tos the (1) The iepweal soguetiee ix e <1HE awe
of atoins dren a step of single atowie height inthe {1 L plune, duee tows and a step, wnd ra
torth Deuterium adsorption sites labeled 1, 2 and Lare wleatiid m g 220 Site Vs cosliaea
with tw 110> Pd ledye wtoms, and Site 2 s of special interest not only because it consistent
With our duta, hut alwo Bbecausc it abisig with Site 1 s o surlace lecdtnn dinectly atwove tie bulk
octahedral vind st the luttree posiion (172, 172, 172). Funtlet, Sites 2 wud 1 conespomd o te
quas threetold positions found (o e occupied by Diads) i Ret. |

The presaeine of sitlace aladin ik denived frotl st i ol Sattening spectta akd
peotewres from angular depemdenaey Figure 3 alows te eneigy specliamodd TheV e
sesttescel up e rtadrcuse™ from Pd(331) covered with D, ot o= 77,587, 0 = 28°, 185 C and I L2
w2700 " e Oudy 1) il Bl awie prescnt i signitheant anruints T qeaks dindatahle s
“lle~/11 aro cleardy present dt relative energiios, /14 tur the upper maxinwm ot O 62 and ut @ 14



tor the lower maximum. The identity of those two peaks as bemng $He*/D was firmly cstabhished
in Ref. 1 and substantiated herc by varying 0. The locations are clase to those calculated hy Ig
(1): B/Ey = 0.61 (upper). and 0.18 (lower). The lower peak did not exhibit consistently rchable
experitnental varialion, e.g.. il8 intensity in Fig. 3 is anomalously high, snd »o we concentrate on
the upper peak. The upper peak onergy. however, is higher than the calculated value by 7%. Na
sufficiently large systematic error in onergy calibration or imneuasured ungles could be locuted to
oxplain the discrepancy. which led us to question the single cvent, hinary colliston scenano of Fg.
(1). The true scattoring sngle of Fig. 3 appeured to be 2°-37 lesy thun e presumed 25°. Adding
support to this possibility are the ai-scan daw.

Figure 4 is 2 represcntative a scan of ‘He*/LY{ads) scatiening intensity versus anglo, e,
taken at the prefered 0 = 25Y angle. From several fets of data, the upper muxinwim ovcurs af 76.5"
4 2% the lower maximum was consistently about 3° higher for reasons we have not as yet explored
Twa questions amose: 1) Why shauld the @ plot be peaked in « well defined maximom at 6~ 76 57
42"t 2) Why is the upper energy 1n Pig. 3 higher thun cxpected” Shadow cones provide a single
unified answer to both questivnws and. (urther, give stomic locations.

Vigure S wr u shadow-cone plot of 1-keV 4He* scuntered by 0Pd by & ZBL putential and
UL sereening.® ‘The plot 1s supenimposcd on the PA(AM ) "up the starcase™ geomctry in the
experimental { 110] plane of incidence at 8 below the (1T tepace, thik is, d « 765 from e
surfacc normal corresponding approxmutely to Fig 4. At this ¢ angle. the cone edpe intersects
surface Site 2 of iyt 2. and passes 17227 below positoon 3 wath geeatly enfuanced e ® Qas at an
cnergy within | ¢V of K, By this sumple construct, tie obsened « = 76.5° #2° peak positton of
P dinexploned quantitatively by 0 accapancy ot Sies 2 o6 3 The sluslow cone alao has o

strong implication tor the upward shint of F/E, of the upper peak mn Fig 3

A clowe exanunation af the shadow cane of g § teveals that the cone boundary as it
cromaes Site 2 i adieat, Lt ool e, prarndlel oo thne icident beam daection. the cone dianeten o
still expanding ond the edge 15 ot a stadl angte of 1° to the incident ions, The 4He* /1 seattering
anphe bs lowerncd o 257 by that amnount which i o saises e caboulaied cncigy catio o -0 67

which agrees with the vbserved value.

Tlee shadkow come edgge pusses oves Sue ot o s 207 whidh s below Gre tangie of ol vesd
values T miggor teasan e 450 (Site D s attenng event s ol obiservedd s at the seatted
trgjectory ducetly intersedts Pd atutus e aest wow upr Consequently, Siee Tesen i ovovpied

walild nol Be detected inthe prew it set ot expeamients To cotplete thie tull evatunatoon of il



such possible sites, azimuthal scattering data, e.g.. pusallel to the <1 1> ledges, would be necded.
Swdics of other vicinul surfacos would be invaluable.

Slws 2 and 3 both satisfy the gvometrical constraints imposed by Figs. J.4and 5. It
interesting to conslder an arguinent based upon covalent radii which favors Site 2. Covalent racil
are Pd- 1.28A: H 0.32A: the sum Is 1.60A. D may differ slightly from H due to different zero-
point energies bat not enough to alter our conclusions. The nwtallic Pd-1%1 distance along the
<110> chains in Fig. 2 is 2.743A which does not leave cnough space for a co-lincar, covalont
configuration For quasi-threefold Slte 2, the unrelaxed crystallographic =33 separation is
1.58A., which 15 close to the sum of 1.60. From our duta we do not, of coumse, claim w locate 1
precisely within the (111) terrace plane of abova it closer than 4 few tenth of an A

I conclusion, Mle MY wls) forwand scaltenag data have Jocated D adsonption symimelty
sites on the Pdc 33 1) sepped surface. The results fuvor suriace pasiuons dircetly abave the bulk
actahedeal void sites,
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Figure Captions

1. “Up-the-stuircase™ scattering geomeuy for | keV 4He! in the (110} plane of incidence on
steppod Pd331). The anglo of incidence, a, iz measured relative to the (331) surface normal:
0 1 the Iaboratory seatioring angle  41le* beam conrs in 8 below the (111) larece planc.

2. Hard sphere modol of Pd(331). The incident bean is perpendicular w the <1 10> lodge.
Moasible adsomption Sites 1, < and 3 arc nurked.

3. linergy distribution of | keV 3fle* scattored from Pdi331)/Diads). @ = 77.5°, 0 = 25°, sanple
T. -1857°C, I\D7): 2.7 x 10 4 Pa, 325 nA incldent beam cwrent. Vettical seake o log g of
xipnal counts normalized by incident o ton dose (0 S pCchanncl). Dashicd curve  cleancd
Pdi33 1) without D

4. Alpha wan of e A Xads) scatiering Intennty verste angle of iwwdei e, o, for scatlenng:
wngle 6 = 2y~

5. 781, shadow cone plot for | keV 41le=/'pd suparposed on the Pdid3 1) “up dic sMarcase™
Jirection, The cone edyge shown hete imitersects asdapiption Site 2 at @ - 76%,
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Elix and Dastass:

“Low-Energy ‘Hst Scatzening fram Deaterrum Adsorbed on Stepped Pd(131)"
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